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I, Ted Ebendal, declare and state as follows: 

(1) I reside at Borjegatan 45 B, S-752 29 Uppsala, 
Sweden . 

(2) I am a Professor and Chairman in the Department of 
Developmental Biology, Faculty of Medicine, Uppsala 
University since 1988. I hold a Ph.D. (Doctor of 
Philosophy) degree which was earned from Uppsala University, 
Sweden in 1976. A copy of my curriculum vitae is attached. 

(3) I am an author of over 100 peer-reviewed 
publications in the field of neuronal growth factors and 
neurotrophic factors. 

(4) Recombinant human GDF-1 (rhGDF-1) was provided by 
Michael Jarpe of Cambridge NeuroScience for use in the 
assays reported herein. 
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(5) On information and belief, rhGDF-1 was produced as 
follows. The cDNA of human GDF-1 (amino acid residues 255 
to 373) was cloned into pRSET (Invitrogen) . The construct 
was designed to produce a fusion protein which adds 34 amino 
acid residues to the N-terminus of rhDGF-1 including six 
histidine residues. There is an enterokinase cleavage site 
between the N-terminal extension and the rhGDF-1 sequence to 
facilitate removal of the tag. However, this extension was 
not removed for the assays reported herein. 

(6) On information and belief, the above-described 
expression construct was inserted into the £. coil cell line 
BL21 (DE3)pLysS to induce rhGDF-1 expression. Expression was 
induced by the addition of IPTG and was allowed to proceed 
for 4 hours. rhGDF-1 was produced in inclusion bodies. 

(7) on information and belief, the inclusion bodies 
containing rhGDF-1 were solubilized and folded in 6 M 
guanidine and 100 mM dithiothreitol . Reducing agent and 
denaturing agent was removed by reverse phase HPLC . The 
protein was dried down in a Speed Vac and resuspended in 8 M 
urea at 5 mg/ml protein concentration. The protein solution 
was then diluted 1/100 to a final concentration of 50 ^g/ml 
in refolding buffer of 10 mM reduced glutathione, 1 mM 
oxidized glutathione, and 50 mM Tris buffer (pH 9.0). The 
rhGDF-1 protein was allowed to refold for 20 hours at 25°C. 
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(8) On information and belief, a sample of the 
refolded rhGDF-1 protein was then analyzed by reducing and 
non-reducing SDS-PAGE. The gel was stained with Coomassie 
and the proportion of dimer was determined by densitometry. 
The rhGDF-1 dimer was found to be approximately 20% of total 
protein. The rhGDF-1 preparation was stored at -80°C. 

(9) The following assays were performed under my 
direction and the results were analyzed by me. 

(10) The sample was assayed in a fibre outgrowth assay 
using sympathetic ganglia from embryonic day 9 chicken 
embryo explanted into a collagen gel. See Ebendal et al.. 
Journal of Neuroscience Research, vol. 40, pp. 276-284 for a 
description of the use of explanted ganglia in collagen 
gels. Neurotrophin-3 (NT-3) only weakly stimulates 
sympathetic fibre outgrowth in this assay (see panel d of 
Fig. 4 in Ernfors et al., Proceedings of the National 
Academy of Science, U.S.A., vol. 87, pp. 5454-5458). 
Members of the TGF-beta superfamily of proteins potentiate 
the effects of NT-3 in this assay. 

(11) The sample of GDF-1 was diluted 100-fold and then 
further diluted in culture medium with 1% fetal calf serum 
as a carrier. GDF-1 was assayed on sympathetic ganglia at a 
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concentration of 2.5 to 250 ng/ml . The ganglia were 
examined after two days of incubation using darkfield 
microscopy. No fibre outgrowth was evoked by GDF-1 at any 
of these concentrations. 

(12) Therefore, the potentiating effect of GDF-1 on 
neurotrophin activity could be assessed by comparing fibre 
outgrowth induced by NT-3 in the presence or the absence of 
GDF-1. Any increased fibre outgrowth caused by the 
combination of NT-3 and GDF-1 would be due to potentiation, 
instead of the effects of GDF-1 alone. 

(13) The potentiating effect of GDF-1 in the 
sympathetic fibre outgrowth assay (Ernfors et aJ., id.) was 
determined with human NT-3 (Austral Biologicals) at a 
concentration of 2 ng/ml and GDF-1 at concentrations between 
0 to 250 ng/ml. Fibre outgrowth density was scored in a 
blinded fashion by two independent observers with culture 
dishes arranged in random order. Scores were recorded on a 
scale from 0 (no fibres) to 5 (very high density of fibres 
forming a circular halo around the explanted nervous 
tissue). The assay was repeated three times. The results 
below represent the mean of the scores given for each 
culture by each observer. 
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GDF-1 concentration Mean Score 

Medium Only 0 ng/ml 0.0 

NT-3 alone 0 ng/ml 1 • 7 

GDF-1 alone 250 ng/ml 0.0 

NT-3 + GDF-1 250 ng/ml 3.1 

NT-3 + GDF-1 50 ng/ml 2.3 

NT-3 + GDF-1 5 ng/ml 1-8 

(14) The combination of GDF-1 at 250 ng/ml with NT-3 
shows a significant potentiation effect in comparison to the 
response obtained with NT-3 alone (statistically significant 
difference at P < 0.001 using Mann-Whitney U test). There 
is also a clear trend of potentiation of NT-3 by GDF-1 at 50 
ng/ml, although this difference is not statistically 
significant in the present format of the assay. 

(15) The specific activity of GDF-1 in the assay shows 
a reasonable dose-response relationship between 50 to 250 
ng/ml . 

(16) In view of the above results, I conclude that GDF- 
1 has biological activity on neurons similar to members of 
the TGF-beta superfamily of proteins. 

(17) I declare further that all statements made herein 
of my own knowledge are true and that all statements made on 
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information and belief are believed true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false 
statements may jeopardize the validity of the application or 
any patent issuing thereon. 




Ted Ebendal 
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